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ABSTRACT
Attempts to synthesize several cyclopropene
derivatives are described. The experimental parameters and
the optimum reaction conditions are discussed in detail as
are the structure and properties of cyclopropene derivatives.
Attempts to study the mode of rearrangement of cyclopropene
derivatives using homogeneous catalysts are briefly discussed,
although the structures of the rearrangement products are
not fully understood.
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INTRODUCTION
The chemistry of cyclopropene and its deriva
tives is of considerable interest to the theoretical organic
chemist as well as the synthetic organic chemist. The
interestingly high degree of ,TBaeyer strain" that is incorpo
rated in the cyclopropene nucleus makes it a suitable subject
for theoretical treatments of bonding in organic compounds.
Many useful concepts such as aromaticity, bent bonds and hybridi
zation have been and will continue to be tested on compounds
with the cyclopropene structure. The chemistry of cyclopropene
and its derivatives is by no means a new subject. The parent
hydrocarbon itself has been known for more than four decades.
Considering the highly unusual structure of cyclopropene, it
is rather astonishing that very little or almost no attention
was paid to the chemistry of cyclopropene and its derivatives
until the mid-1950Ts. Probably, the four factors which were
responsible to a great extent for this remarkable upsurge of
activity in the field during the last fifteen years are:
a. Tbe developments ,in carbene chemistry provided many new
methods for the syntheses of cyclopropene derivatives.
b. The application of molecular orbital theory to problems
in organic chemistry had become sufficiently common that an
attack on the syntheses of cyclopropenyl cations became a
challenging goal to the synthetic organic chemist.
c. The discovery that natural products, especially certain
fatty acids, contain the cyclopropene nucleus(1 ) attracted the
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attention of many natural product chemists.
d.

The interest and the challenge to synthesi e

theoretically possible but highly strained compounds contai
ning fused small rings, like cubane, tetrahedrane, etc.^
made synthetic cyclopropene chemistry a novel field of re
search in organic chemistry.
In order to appreciate the problem, it is
necessary to understand the structure and stability of
cyclopropene and its derivatives. At this point the structure
of cyclopropane shall be .considered. One can extend these di
scussions to the olefinic derivative, cyclopropene.
Ring strain:
Steric strain in a molecule exists when bonds
are forced to make angles which are abnormal and this results
in a higher energy than would be the case in the absence
of angle distortions. There are, in general, two kinds of
structural features which result in sterically caused ab
normal bond angles. One of these is found in small-ring
compounds, where the angles must be less than those result
ing from normal orbital overlap. Such a strain is called
"small angle strain". The other, called "non-bonded interac
tions',’ arises when non-bonded atoms are forced into close
proximity by the geometry of the molecule(2). To explain the
strain in three-membered carbocyclic rings, it is necessary
to examine the character of the bonds in the ring. As early
as 19^9 , the bonds in cyclopropane were discussed in an arti
cle by Coulson and Moffitt(3). The angles between the lines
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joining the carbon atoms are 60°. Those bonds of the carbon
orbitals cannot be distorted that much from the tetrahedral
angle of 109°. The smallest theoretically possible angle
between the orbitals of carbon is 90° which is the angle
between the pure p orbitals. Consequently, in cyclopropane,
the electron density is directed away from the line joining
the carbon atoms and the resulting bonds are intermediate
in character between«r a n d b o n d s , and are called bent or
"banana" bonds. Figure.1 shows the direction of orbital
overlap.

Cyclopropane:0 = 2l'

Figure.1

Orbital Overlap in Cyclopropane(the arrows point
toward the center of electron density)(4).
The most important properties of

the three-membered carbocyclic ring result from its tendency
to attain the greatest possible overlap of the orbitals
with resultant stabilization of the system. This is achiev
ed by the reduction of the tetrahedral valence angle to
105°3 made possible by a partial change in the state of
hybridization where the ring bonds assume higher p-character
while the exocyclic bonds consequently acquire a higher
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s-character. The increased s-character of the exocyclic
bonds has been confirmed for many examples (Table 1). The
degree of hybridization of a C-H bond can be measured
using nuclear magnetic resonance spectroscopy(5)* Natural
carbon contains 1.1JS of C18 isotope which has a nuclear
spin J=3g. The coupling of C18 nuclei, present at the
natural concentration in organic compounds, with
the protons bonded to them can be measured by high resolu
tion nuclear magnetic resonance spectroscopy(6 ). The
coupling constant(125 - 250 hz) depends on the disposition
of the electrons in the bond, i.e., on the bond order. Using
the coupling constants measured for a given compound, the
s- and the p-components of the C-H bond in question can
be read directly from a calibration curve(Figure.2)(7). A
few values are listed in Table 1(8,9)*

Percent s-character.
Figure.2 Dependence of J
on s-character(adapted from

Table 1 Coupling Constants And s-character Of C-H &onds

Compound

— 13 - (hz)
C H
248

Acetylene

s-character
50

Ethylene

156.4(mean)

33.3

Methane

125

25

Cyclobutane

134

27

Cyclopropane

161

32

221

44

1:170
2:150

-34
~30

190

38

The Increased p-character of the ring bonds
explains why three-membered rings react with reagents which
attack double bonds. It also explains the conjugative
effect of three-membered rings coupled to double bond systems

(10 ).
In recent years quite a few highly strained
compounds containing fused small rings have been prepared
showing that organic molecules can exhibit much more strain
than do simple cyclopropanes or cyclobutanes(11). Prom Table 1
it is evident that the

%

s-character of the exocyclic bond

or the acidity of that hydrogen in particular, increases
with increase in strain of the molecule. With a view to study
the comparative stabilities and the nature of the hydrogen
mentioned, it was of interest to synthesise the tricyclopentane
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system with different substituents for X and Y in Figure 3-

o
Figure 3 *Tricyclopentane System
Only the 1,2-diphenyl derivative(phenyl- for
both X and Y) was employed for this study because the yields
and the spectra were comparatively better and more reliable
than for the other compounds. The synthetic route followed was
the same as reported by Masamune(12) but a few modifications
were made to suit the availability of chemicals and equip
ment .
The structural parameters of cyclopropene are
known from electron diffraction and microwave spectral stud
ies. The earlier electron diffraction data(13) gave internuclear distances and bond angles as listed in Table 2. More
accurate data were obtained ’from the rotational spectra of
cyclopropene(14) and three deuterium-substituted cyclopropenes. The observed bond lengths(d) and bond angles ($) give
some indication of the configurations of the bonding orbitals.
Particularly noticeable are the short bond lengths of the
carbon-carbon double bond and of the vinylic carbon-hydrogen bond. Quite apparently, the hybridization of the car
bon atom differs substantially from that observed for
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less strained olefins. If one uses an empirically established
linear relationship of C-H bond length with degree of scharacter of the carbon atomic orbital involved in bond
formation, a value of more than 42$ s-character is obtained
for the vinylic C-H b on d (15)* This treatment, of course,
neglects contributions of all other atomic orbitals of carbon
besides 2s and 2p. The high degree of s-character in the
vinylic C-H bonds is also reflected, as mentioned earlier,
in the C

13

-H nuclear spin coupling constant of the corres

ponding bond in 3 > 3-dimethyl cyclopropene(I ) .

(I)
The measured value of 221 hz corresponds to
approximately 44$ s-character. The short carbon-carbon double
bond distance probably signifies a similar increase in scharacter of thetr'-component of the double bond*

Table 2.Structural Parameters Of Cyclopropene(16)
Parameter

Electron diffraction

d (C=C)

1.28610.04 A

Microwave spectra
O
1.300 A

d (C-C)

1-525i 0.02 A

1.515

1.070 A

vinyl
methylene

A

1 .0 8 7 i o . 04 A

1.0871 0.004 A

49-9°

50° 4 8 ’

7

Table 2. (continued)
(C=C-H)

149° 551

%>(H-C-H)

118 (assumed)

/X. (dipole moment)

114° 42' ±.1 0 T
0 .455 jL 0 .01 D

The H-C-H angle of the methylene group in cyclo
propene is probably very close to that in cyclopropane.Un
fortunately, geometrical parameters for cyclopropane are
not known with comparable accuracy. Assuming no bond-bending
of the C-H bonds and using orthogonal hybrid orbitals com
posed of 2s and 2p atomic orbitals only, one calculates an
inter-orbital angle of 105° 35* for the ring orbitals at
C-3- Since the carbon-carbon internuclear angle is 50° 48',
this model results in an orbital deviation from the inter
nuclear line of 27° 24'. This constitutes a larger degree
of "bond-bending" than in cyclopropane where the corres
ponding value is about 22°(17).
A number of highly special physical and chemical
properties can be attributed to the unusual hybridization
and bond-bending in cyclopropene derivatives. First the
hybridization of the vinylic carbon atoms imparts propert
ies to the molecules in between those normally found for
unstrained olefins and acetylenes. This prediction was made
by Walsh in 1949 before much was known about the chemistry
of cyclopropenes(18). Second, the short length of the double
bond should lead to particularly good T<-overlap and to a
relatively strong double bond. Finally, it can be expected
8

that the weakest point in the molecule is the carbon-carbon
single bond, because owing to excessive "bending” , orbital
overlap should be poor.
For symmetry reasons, the direction of the dipole
moment(o.455 D) must coincide with the symmetry axis of the
molecule. The sign cannot be predicted with certainty, al
though it appears reasonable that the negative end should
be pointing toward the inductively electron-withdrawing
double bond.
Although cyclopropene itself has been prepared
(19,20), substituents which stabilize the double bond seem
to facilitate the formation of the cyclopropene nucleus
and also render the molecule stable through conjugation or
hyperconjugation. Cyclopropene can be stored indefinitely
at liquid nitrogen temperature,but storage at higher temper
atures in the condensed phase leads to polymerization.
Syntheses
The syntheses of cyclopropenes can be broadly
classified into four groups differing by the type of ring
bonds formed in the final step:
In the first method,the
introduction of a double bond in a
cyclopropane ring is accomplished
by a

— “-- !—

-elimination(Figure.4), as represented by the following

example(21):

In the second method, both the single bonds
are formed in one operation(Figure.5)•
An example for this is the addition

a

of carbenes to acetylenes:
Figure.5
— C=C-

+

— -->
A number of cyclopropene syntheses are based

on suitable acyclic precursors.
The newly formed ring bond may
be either a single bond(Figure.6 )

A
Figure 6

or the double bond(Figure *7)•
This is represented by the following example(22):

ch3

C%d

Crt3
Of these, the second type, addition of carbenes

to acetylenic compounds, is the most interesting and
challenging method of cyclopropene syntheses because of the
inherent difficulties involved in the synthesis by this
method. After

the first unsuccessfulattempt

in 1884 to effect

ofCurtius

the reaction ofethyldiazoacetate

with

toluene, Buchner and Curtius In 1885 5 and later Buchner and
his co-workers, treated several aromatic, olefinic and acety
lenic compounds with diazoacetic esters to form cyclopropanes
and cyclopropenes. Since then, the reactions of diazoacetates
with various unsaturated compounds have been studied under
10

thermal, catalytic and photochemical conditions. The carbalkoxy carbenes(:CH CO^R), which are believed to be the inter
mediates in high temperature,thermal and photochemical
reactions of diazoacetatas, together with various other
aspects of carbene chemistry have been the subjects of numer
ous reviews' in recent years. This thesis includes the reactions
of ethyl diazoacetate with acetylenic compounds and in the
discussion that follows, the terms diazoacetic ester and
diazoacetate specifically refer to ethyl diazoacetate. Ethyl
diazoacetate and methyl diazoacetate are the two compounds
that have been used almost exclusively; but in the future,
t-butyl diazoacetate which is now readily available(23)
will probably be used frequently. The formation of substi
tuted cyclopropenes from various acetylenes and ethyl diazo
acetate was first reported by D ,ya'konov(24) and has been
studied extensively by Breslow and his co-workers(25).
Mechanism:
Because systematic mechanistic studies of the
reactions of diazoacetate with unsaturated compounds are
only now begining, the following discussion represents only
the current tentative views on the subject. Diazoacetate,
when allowed to react with acetylenes, gives products
containing three-membered carbocyclic rings. This result
could occur in any of the three following ways(26):
1.

The diazoacetate might lose nitrogen under the

influence of heat or light to produce carbethoxy carbene
11

which could add to the acetylene giving a cyclopropene
carboxylate(Figure.8).

N 2CHC02C2H 5

- C s*C -

+

------ ^

N2

+

:CHC02C2H 5

:CHC0oCoH(_
2 2 5

CCUC^
Figure.8
2.

The diazoacetate molecule might react with

the acetylene to form a pyrazoline which could then lose a
molecule of nitrogen to yield the cyclopropene carboxylate.
The formation of the pyrazoline could be envisaged as due
to a cycloaddition via'dipolarophile(Figure.9)•
— * C ’S C -

__________ ^

\

— Q
W - C o ^ s -

1

K|/

Figure.9

\Y/

^—

COaCjHrc
.Ox^,Hs
3.

A third possibility is that the bond formation

might take place between the (^-carbon atom of the diazoacetate
and the carbon atom of the acetylene. Closure of the resulting
diradical or the zwitterionic intermediate with loss of
nitrogen would form the second bond of the cyclopropene deri
vative (Figure.10).
Metals and metallic salts

catalyze the decom

position of diazoacetates(26). For the reaction with ole
fins and acetylenes, the catalysts most frequently used
12

Co^Cj.Hs"

A
/

\

/
C. — CL

M - CHCO,C^r

Figure.10
are copper and copper salts. In these catalyzed reactions,
the reaction path is probably different from those discussed
previously. The related copper-catalyzed decomposition(27) of
diazoketones is believed to involve an organo-copper complex.
The systematic studies by Moser(28) of reactions of diazoacetates catalyzed by soluble phosphite ester copper(I)chloride
complexes demonstrated that changes occur in product-stereo■isomer ratios with variation in the phosphite ligands. Nozaki,
Noyori and co-workers have obtained optically active cyclo
propane carboxylates from olefins by decomposition of methyl
and ethyl diazoacetates with an optically active copper complex(29). These data show that the active catalyst is not ser
ving merely to liberate a free carbene before reaction(Figure 8).
Instead the catalyst must be bound in some way to the diazo
acetate or to the carbene derived from the diazoacetate(31,
32). In several cyclopropane-forming reactions where cata
lysts such as zinc-copper couples(Simmons-Smith reaction),
dialkyl aluminium halides, alkyl-lithiums and zinc halides
13

are used, the presence of organometallic complexes has been
strongly indicated(33) and in a few cases complexes have
been isolated. The term "carbenoid" has been accepted for
these organometallic complexes(34), signifying a qualitative
similarity between the reactions of these organometallic
intermediates and those of free carbenes. The copper mirror
formed in some copper(II)sulfate catalyzed reactions led
D ’yakanov to suggest that the actual catalyst is colloidal
copper(35). However, the soluble phosphite ester copper(I)
chloride complexes apparently do catalyze the reactions
of diazoacetates with olefins. Whether the active catalytic
species in these reactions is in solution or not, remains
to be decided.
The problem of this investigation was to attempt
the syntheses of cyclopropene derivatives with different
substituents on the double bond and to study the reaction
conditions. Commercial copper powder,freshly washed succes
sively with concentrated hydrochloric acid, water, ethanol
and ethyl ether, was used as the catalyst_in all the
reactions studied. The reaction conditions and the dependence
of the reaction on experimental parameters shall be dis
cussed at a later stage.
A literature survey revealed that not many
reactions of acetylenes with diazoacetate have been reported.
Some of the reported results are tabulated in Table 3.The
products corresponding to conjugated acetylenes are rendered
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stable by conjugation.

Table 3 . Reactions Of Acetylenes With Diazoacetate; some
reported results.
Product

Conditions

Reactant

h3c-c=c-c»c-ch3

Copper bronze, 90°

No reaction(36)

CM*

H2C=CH-CH2-C3C-CH3

h 3c -C5C-c h 2c h 2c h 3

Copper bronze,
reflux
Copper bronze,80

(37)

COjCjWy
H5C

COiCjWs(38)

0Ho
\ 3
HCHC-C-CH.
I
3
CH„

Copper, 40*
(39)

CH0-CEC-CH0
\

2

C02CH3

\

Copper bronze

2

H3^ C H 1CS ^

^

(40)

C02CH3

C-C-C-CEC-C-C-C

C-C-Cv

1.Copper,90
2.0H"
<

c 6h 5- c =c - c 6h

5

CH5

u r

COj.Cj.H5.C.-C-C
(41)
CD*H

1 ..Copper ,120
nT^" CtHs’ (42)
COjH

2. OH"

H5C6.
C^IL.-CSC-H

6 5

Copper,20°
X

MJ ^ c o a 4 43)

When there are alkyl groups present, cyclopropenium ions are stabilized by inductive effect but cyclopropenes are probably stabilized by hyperconjugation(44).
The yields of the reported cyclopropene .derivatives from
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acetylenes and diazoacetate are very low and the reaction
conditions are extremely critical. The reactions of non
terminal acetylenes with diazoacetate in presence of a
catalyst or light5result in poor to moderate yields of
cyclopropene carboxylic esters(45)- 4-0ctyne, either in
presence of a copper catalyst or when heated without a
catalyst, gives the cyclopropene derivative(46). However,
in the absence of a catalyst or light, pyrazoles are formed
instead of cyclopropenes(47). Terminal acetylenes also can
give by-products from insertion of the carbalkoxy carbene(48).
The catalyzed rearrangement of cyclopropene
derivatives is not yet completely understood and research
is still going on in this field. A homogeneous catalyst
differs from a heterogeneous catalyst in that it is soluble
in the solvent used and forms a single phase with the reac
tants. A homogeneous catalyst has the inherent advantage
over a heterogeneous catalyst in that it is highly specific.
Hence, homogeneous catalysts were employed to study the
mode of rearrangement of ayclopropene derivatives. The cata
lysts employed for this study were tris(triphenylphosphine)
chlororhodium(I) (Wilkinson’s catalyst) (II) and tris_(triphenyl
phosphine) platinum (III), both as benzene solvates. The
cyclopropene derivative studied was methyl-1 ,2-diphenyl
cyclopropene carboxylate (IV). The reactions were studied
under nitrogen and hydrogen at atmospheric pressure and
were monitored by nuclear magnetic resonance spectroscopy.
16

Rh[P(C6H5 )3 ]3Cl
(II)
Pt[P(C6H5 )3]3
(III)

c&s

(IV)

EXPERIMENTAL
Experimental conditions:
The experimental technique for the diazoacetate
reactions was quite simple. In most cases the diazoacetate
was added slowly to a well-stirred mixture of the acetylenic
compound and the catalyst at the optimum temperature and the
product was either isolated directly or converted to the
corresponding acid and isolated. The evolution of nitrogen
serves as a convenient reaction indicator since it repre
sents the decomposition of either the diazoacetate or any
intermediate that is postulated. The ratio of diazoacetate
to substrate, the catalyst, the mode of addition and the
temperature can have a profound influence on the yield of
the product(the cyclopropene derivative). These factors
will be discussed at a later stage. In some cases the result
ing cyclopropenyl ester, after the addition of diazoacetate,
was not isolated but the reaction mixture was directly hydro
lysed in refluxing methanolic potassium hydroxide and the
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acid was then isolated. In some other cases column chromato
graphy, using alumina, was employed to isolate the cyclopropenyl ester after the initial rection. The temperature
at which these reactions were performed varied from 25° to
125° depending on the starting material. Ethyl diazoacetate
and some of the starting materials were obtained from Aldrich
Chemical Co. Ethyl diazoacetate is toxic and potentially
explosive; hence all the diazoacetate reactions were per
formed in a well-ventilated fume hood and behind a safety
shield. Ethyl diazoacetate is a yellow oily liquid,mp -22°;
bp 29-31°(5mm), 42°(10 mm), 84°(6l mm) and l4l°(720 mm,
slight decomposition)(49)• It sometimes explodes following
r decomposition, when heated above 140°. Commercial copper
powder which had been washed successively with concentrated
hydrochloric acid, water, ethanol and ether was dried in
air and used as the catalyst. The amount of catalyst used
varied from l.Og to 1.5 g, depending on the starting
material. For the rearrangement reactions, an NMR tube was
used to contain the reaction mixture. The concentrations
of solutions of the catalysts in benzene were of the order
of 10

-4

molar. The amount of substrate used varied from 50 mg

to 100 mg.
The acetylenic compounds that were reacted
with diazoacetate are listed in Table 4.
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Table 4 . Starting Materials For Reactions .With Diazoacetate.
Compound

Structure

Physical constant
o

Diphenyl acetylene(V)

CgH^-C=C-CgH^

mp 64*

Phenyl acetylene(VI)

CgH^-CSC-H

,o
bp 142'

Dimethyl acetylene

H^COgC-CSC-CO^H^

bp 196°

dicarboxylate(VII)
Methyl phenyl propiolate(VIII)

CgH^-C'SO-CC^CH^

bp 74°/0.4 mm

Propargyl alcohol(IX)

H-C5C-CH20H

bp 114°

Propargyl acetate(X)

H-C=C-CH2OCOCH^

bp 124

Propargyl bromide(XI)

H-C=C-CH2Br

bp 89°

o

Experimental procedures
Compounds:
Diphenyl acetylene
Benzaldehyde was converted to benzoin(XII) by
treating with aqueous sodium' cyanide. The resulting crude
benzoin was oxidized with concentrated nitric acid to yield
the diketone benzil(XIII)(50). Benzil was then treated with
hydrazine hydrate to form the bis dihydrazone(XIV) which
was then oxidized to diphenyl acetylene using mercuric
oxide(51). Yellow mercuric oxide would have given better
results but red mercuric oxide was used instead; however,
it took a longer time for the reaction and there seemed to
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be an Induction period at the end of which the reaction
became vigorous resulting in excessive foaming. The prepara
tion was repeated five times and the overall yield of
diphenyl acetylene(Y) varied from 67% to 75%-

C/-H -CHO
6 5

■»

C/-H -C-C-C/--H,6 5 u n 6 5
0 0

CrH^-CH-C-C^Hr6 5 | n 6 5
OH 0
(XII)

(XIII)

C.H -C-C-C.H6 5 i\ H 6 5
H2N-N N-NH2

c6h5-chc-c6h5

v
<^

(XIV)

(V)

Phenyl acetylene(52)
Styrene(XV)(44.8 ml) was first brominated to
the dibromide(XVI)(94 g) using bromine in chloroform. The
dibromide was then dehydrobrominated with a solution of
sodamide in liquid ammonia to yield the sodium salt of
phenyl acetylene(XVII) from which phenyl acetylene(VI)(32 g),
in 79-9% overall yield, .was generated by stirring with a
paste of ammonium chloride.

6 5

2

6 5 |

f 2.
Br Br

(XV)

(XVI)

CgHj_-c=c-H

CgH,_-C=:C-Na
(XVII)

(VI)
20

<-

Dimethyl acetylene dicarboxylate
Maleic anhydride(XVIII) was brominated to the
dibromide(XIX), by refluxing with bromine in chloroform for
40 hoursa in a 45$ yield. The dibromide was then refluxed
with aqueous potassium hydroxide for four hours at the
end of which the contents of the flask were cooled to room
temperature and neutrallized with 6N sulfuric acid to litmus.
The solution was extracted with five portions of diethyl
ether, the combined ethereal extracts were dried over anhyd
rous magnesium sulphate and ether was evaporated to obtain
white plates of acetylene dicarboxylic acid, mp 175°(XX).
Two equivalents of diazomethane were generated from N-methylN-nitroso-p-toluene sulfonamide(Diazald, Aldrich Chem. Co.)
and added to a solution of the diacid(53) in ether over a
\

period of two hours. The resulting ethereal solution of
dimethyl acetylene dicarboxylate(VII) was then washed suc
cessively with 5% aqueous sodium bicarbonate and water. The
ethereal solution was then dried' over anhydrous magnesium
sulfate and the solvent stripped off. The resulting crude
diester was distilled to, yield pure dimethyl acetylene di
carboxylate, bp 104°/23 mm(39$ overall yield).

CH — C0V
ii
x
11
CH— CCf

Br-CH — CO

(XVIII)
(XIX)
C-C0oCHo
(VII)

in

2

3

C-C02CH3

NT
C-C02H
iii
C-C02H

(XX)
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Methyl phenyl propiolate(5*1)
Phenyl propiolic acid(XXII) was prepared from
ethyl cinnamate(XXI) by bromination and subsequent dehydrobromination of the dibromide. The acid was then converted
to the corresponding methyl ester, methyl phenyl propiolate(VIII),
in a 7k% overall yield, by adding one equivalent of diazomethane(53)•

C/'HI--CH=CH“C0oCoHir
b 5
2 2.5

'

C/CH (
--CH-CH-C0oC„Hf\ /
225
Br Br

(XXI)
c6h5- c « c - c o 2ch3 ^

C,Hc- C 3 C - C 0 oH
6 5
2
(XXII)

(VIII)

Propargyl acetate
Propargyl alcohol(IX)(obtained from Aldrich
Chem.Co.)(25 g) was converted to the acetate(36 g,82.3$)
by following the normal esterification procedure(55)
using acetic acid and sulfuric acid.

H-C S C-CH^OH

--------- ^

(IX)

H - C S C - C H 2OCOCH3
(X)

Reactions:
Ultraviolet irradiation of diphenyl acetylene(V) and diazoacetate(56)
A mixture of V (17-8 g, 0.1 mole), ethyl diazo
acetate (2 .3 g, 0.02 mole) and dioxane(60 ml) was introduced
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into a 100 ml three-necked flask equipped with a reflux
condenser and a quartz lamp, and was irradiated for a
period of twelve hours. At the end of that period, the
nuclear magnetic resonance(NMR) spectrum of the reaction
mixture was recorded.
Ultraviolet irradiation of dimethyl acetylene dicarboxylate(VII)
and diazoacetate
A mixture of VII(l4.2 g, 0.1 mole) and diazoacetate(2.3 gj 0.02 mole) was introduced into a 100 ml three
necked flask and was Irradiated for 45 minutes at the end of
which a mild explosion resulted followed by fire and inhe
rent loss of the starting materials.
Copper-catalyzed reaction of diphenyl acetylene(V) with
diazoacetate(57)
A mixture of V(17.8 g, 0.1 mole) and freshly
washed and dried copper powder(1.2 g) was stirred at 120°(heating mantle temperature) while diazoacetate was added
1
dropwise
until the evolution of nitrogen ceased(about 2.7 ml).
■

After the addition was complete the stirring was continued
for an additional 20 minutes and the contents of the flask
were allowed to cool down to 25°. The contents were then
dissolved in 40 ml Of ether, filtered from copper and the
filtrate was refluxed with a solution of 40 g of potassium
hydroxide in 200 ml of methanol for two hours. The contents
were later cooled and diluted with 100 ml of ice-water when
the unreacted V precipitated. After filtering, the filtrate
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was neutrallized with 2N hydrochloric acid to litmus when
1,2-diphenyl~cyclopropene-3-carboxylic acid separated out
After filtering* the crude cyclopropenyl acid was recrys
tallized twice from acetone to obtain white crystals of
the pure acid(4.1 g, 17%)(XXIII), mp 209°. The crude V was
purified by recrystallization from 95% ethanol.

(V)

(XXIII)

Conversion of XXIII to the corresponding acid chloride
The acid XXIII was converted to the correspond
ing acid chloride by treatment with a slight excess of
thionyl chloride followed by introduction into ice-water.
The mode of addition affected the yield and purity of the
product considerably. Addition of the acid to thionyl chloride
and Immediate introduction of the reaction mixture into
ice-water resulted in considerably pure acid chloride in
82% yield. Addition of the acid to thionyl chloride and
introduction of the reaction mixture into ice-water after
ten minutes resulted in a 68% yield of the acid chloride,
while the reverse addition resulted in a 62% yield. When a
mixture of the acid XXIII and thionyl chloride was refluxed
for 30 minutes, cooled and introduced into ice-water, a

dark brown form of the acid chloride resulted in a 41% yield
Hence all the cyclopropenyl acid was converted to the acid
chloride by the first method, i.e., addition of the acid
to thionyl chloride and immediate introduction into icewater. 1,2-Diphenyl cyclopropene-3-carboxylic acid chlo
ride (XXIV) is pale yellow in color and micro-crystalline,
mp 99°.

(XXIV)

(XXIII)

Additon of diazomethane to XXIV
One equivalent of diazomethane was generated
from Diazald(Aldrich Chem. Co.) and added to an ethereal
solution of the acid chloride(XXIV)(53). After the addition
was complete, the ethereal solution was dried and cooled
in a dry ice-acetone bath for

minutes when a crystalline

yellow solid crystallized .out in 78% yield. The solid was
filtered off, dried a n d .characterized by infrared and NMR
spectroscopy. The solid was found to be XXV.
qHy

j>-cod

C0CH*d

(XXIV)

(XXV)
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Reaction of propargyl alcohol(IX) with diazoacetate
Propargyl alcohol(11.2 g, 0.2 mole) was
mixed with freshly washed and dried copper powder(1.2 g)
and the mixture

was stirred at 25° while diazoacetate was

added dropwise.

Since there was no evolution of nitrogen,

the mixture was heated to 85° and diazoacetate was added
dropwise over a period of two hours until the evolution of
nitrogen ceased(about 2.3 g). After the addition of diazoace
tate was complete, the reaction mixture was directly hydro
lyzed by refluxing with a solution of potassium hydroxide(4Og)
in methanol(200

ml) for two hours. The contents of the flask

were then cooled to 25° and neutrallized with 2N hydrochloric
acid when no solid precipitated nor did the color of the
solution change.
Synthesis of cyclopropene-1,2,3-tricarboxylic acid
A mixture of dimethyl acetylene dicarboxylate(VII)(14 g,0.1mol)
and copper powder(freshly washed and dried, 1.2 g) was heated
to 95° and stirred while diazoacetate was added dropwise
until the evolution of nitrogen ceased(about 2.4 g). After the
addition was complete, the reaction mixture was stirred for
another 30 minutes and was hydrolyzed, after separating from
copper, by refluxing with methanolic potassium hydroxide(40 g
in 200 ml of methanol) for two hours. The resulting solution
was cooled to 25° and neutrallized with 6N hydrochloric acid
when a red colored solution resulted. The red solution was
extracted with five 60 ml-portions of ether and the combined
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ethereal extracts were dried. After evaporating the ether,
a red viscous oil(1.2 g, 6%) resulted. The infrared and the
NMR spectra of the product were recorded. The boiling point
could not be determined since the oil decomposed at 87°. The
oil polymerized after standing for 8 hours at room,tempera
ture . Prom the spectral evidence the structure of the product
was deduced to be XXV I (cyclopropene-1,2,3-tricarboxylic acid)
C-CO CH~
W
2 3
C-C02CH3

NoCHC0oCoH
2

CO^CjVV

2 2 5

H 3cqc
(VII)

HctjC

(XXVI)

Conversion of XXVI to trimethyl cyclopropene-l,2,3-tricarboxylate
Three equivalents of diazomethane were generated
from Diazald(Aldrich Chem. Co.) and added to a solution of XXV
in ether(53)» After the addition was complete, the ethereal
solution was dried and the ether was evaporated to obtain a
yellow, viscous liquid(1.19 g, 93$)- The infrared and the
NMR spectra of the compound were recorded and the compound
was identified to be XXVII, dec. 13^°•

co,o-v
HOC
(XXVII)

(XXVI)
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Reaction of VII with diazoacetate followed by separation using
column chromatography
Diazoacetate was added to VII as mentioned earlier
and the reaction mixture was separated from copper and
transfered onto an alumina column(58). The length of the
column was seven inches. The solvents that were used to elute,
in increasing order of polarity, are petroleum ether, petro
leum ether-benzene, benzene, benzene-ether, ether, ether-methanol and methanol. VII being the least polar component in
the mixture, was eluted first, followed by the product and
finally ethyl diazoacetate. The solution of the product in
benzene-ether was dried over anhydrous magnesium sulfate and
the solvents were evaporated. The resulting red, viscous
oil(5*6$) was transfered into an ampoule after the spectra
of the product were recorded. The oil decomposed after stan
ding at room temperature for 15 hours.

+

‘N CHC0oCoH c
2
2 2 5
h 3c o ,c

(XXVII)

(VII)

Reaction of propargyl acetate(X) with diazoacetate followed
by hydrolysis
X(9*8 g, 0.1 mole) was mixed with copper powder(l g)
and to the well-stirred mixture at 80° diazoacetate was
added till the evolution of nitrogen ceased(1.8 g ) . The
resulting mixture, after separation from copper, was refluxed
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with methanolic potassium hydroxide for two hours, cooled
and neutrallized with 2N hydrochloric acid when a bluishgreen solid precipitataed. The solid was found to be insolu
ble in any organic solvent and would not melt even at a
temperature above 300°.
Reaction of phenyl acetylene(VI) with diazoacetate followed
by hydrolysis
This reaction has been reported at 20°(58). In
this investigation the reaction was performed at 80° by
adding diazoacetate(2.3 g 5 0.02 mole) to a well-stirred
mixture of V I (10.2 g, 0.1 mole) and copper powder(1.2 g ) .
After separating from copper the reaction mixture was refl
uxed with methanolic potassium hydroxide(35 g in 200 ml of
methanol) for two hours. The contents of the flask were then
cooled to room temperature and extracted twice with ether.
The combined extracts were dried and the ether was evapo
rated to obtain the unreacted VI. The solution left after
extraction was neutrallized with 6N hydrochloric acid. No
precipitation occured and and the product did not remain
in the solution either, since extraction with ether followed
by drying and evaporation of the solvent did not yield any
product.
Reaction of VI with diazoacetate followed by separation
using column chromatography
The addition of diazoacetate to a mixture of
V I (0.1 mole) and copper at 80° was performed as discussed
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under the previous heading. The reaction_mixture was then
separated from copper and introduced onto an alumina column,
the length of which was seven inches(58). The eluants used,
in increasing order of polarity, were petroleum ether, petro
leum ether-benzene, benzene, benzene-ethyl ether, ethyl
ether, ethyl ether-methanol and methanol. The middle fraction
composed of product, benzene and ether; it' was dried over
anhydrous magnesium sulfate and the solvents were evaporated
to obtain a reddish brown liquid(0.96 g, 5*1$) whose infra
red and NMR spectra were recorded. The product polymerized
after standing at room temperature for 27 hours. From the
spectral evidence the product was identified to be ethyl-1phenyl-cyclopropene-3-carboxylate(XXIX).
A finely divided yellow precipitate resulted
everytime YI was heated with copper for more than one hour.
In one trial the yellow precipitate was filtered off and
tested for copper by igniting over a bunsen-burner flame.
The compound imparted a green color to the flame indicating
the presence of copper. The yellow powder did not melt even
at a temperature higher than 350° but definitely had a
transition temperature(yellow to brown) at 135-1^0°•

+

n 2c h c o 2c 2h 5

H

(VI)

(XXIX)

Reaction of propargyl bromide(XI) with diazoacetate and
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subsequent hydrolysis
Diazoacetate was added to a mixture of XI and
copper powder at 85° in the same way as discussed earlier
for the other starting materials. On subsequent hydrolysis,
no product resulted.
H - C S C - CH2Br
(XI)
Reaction of methyl phenyl propiolate(VIII) with diazoacetate
followed by hydrolysis
VIII(l6 g, 0.1 mole) was mixed with copper(1.4 g)
and the mixture was heated to 110°. To this mixture(wellstirred) diazoacetate was added slowly over a period of
three hours till there was no evolution of nitrogen(3 g)* The
resulting mixture was stirred for an additional 20 minutes
and was filtered. The filtrate was refluxed with methanolic
potassium hydroxide(42 g in 250 ml of methanol) for two
hours, cooled to 25° and neutrallized with 2N hydrochloric
acid to litmus. A crystalline yellow solid precipitated. The
yellow solid was filtered and later identified as phenyl
propiolic acid(XXII) based on the infrared and the NMR spectra
of the product.
Reaction of VIII with diazoacetate followed by distillation
under reduced pressure
After adding the diazoacetate as before, the
reaction mixture was separated from copper and was distilled
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at a pressure of 2 mm of mercury. The first fraction distil
led at 115-120° and was later identified as VIII. The residual
mixture polymerized when heated to 150°.
Reaction of VIII with diazoacetate followed by separation
using gas chromatography(59)
The reaction mixture resulting after the addition
of diazoacetate was filtered from copper and a small portion
of the reaction mixture(2 1) was injected into a gas chromato
graph. All the components of the mixture except the unreacted
VIII decomposed In the column.
Reaction of VIII with diazoacetate followed by separation
using column chromatography
In this investigation, the reaction mixture
resulting from addition of diazoacetate (2.6 g) to q mixture
of VIII(l6.2 g) and copper(1.3 g) was filtered from copper
and transfered onto an alumina column(9 inches long)(58).
The components of the mixture were eluted using solvents
with increasing polarity. The middle fraction, eluted with
benzene-ether was dried and the solvents were evaporated
to obtain a dark red liquid. Five attempts were made to
purify the product by eluting through the column everytime.
At the end of the fifth elution the compound had decomposed
as evidenced by the disappearence of a peak in the NMR
spectrum of the sample.

The reaction was repeated under the

same conditions and was separated by eluting through a basewashed* alumina column.

The middle fraction was again

* alumina washed successively with dilute ammonia, water,
ethanol and ether, and dried in air.
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collected and the solvents were evaporated to obtain the
crude product(2.25 g, 9.1%). The NMR and the infrared spectra
of the crude product were recorded.
Conversion of 1,2-diphenyl cyclopropene-3-carboxylic acid
to the corresponding methyl ester
The acid(XXIII) was converted to methyl-1,2-di
phenyl cyclopropene-3-carboxylate(IV) by the addition of
one equivalent of diazomethane generated from Diazald(53)The crude ester was recrystallized twice from absolute
ethanol to obtain pale yellow needles of IV, mp 84°(94%).
Preparation of tris(triphenyl phosphine) platinum (III)(60)
The procedure followed was the same as for
tris(tri-p-tolyl phosphine) platinum(60). Tetrachloro plati
num^. 216 g) was mixed with triphenyl phosphine(1.16 g) and
dimethyl sulfoxide(7 ml) and the mixture was heated to 145°
in an oil-bath. The mixture was stirred until all the solid
was in solution. The clear solution was then suddenly
cooled to 125° in a pre-heated oil-bath and hydrazine hyd
rate (0.3 ml) was rapidly added when vigorous nitrogen evolu
tion followed by a color change from yellow to orange.
Quick cooling to 25° anc^ addition of 2.5 ml
of absolute ethanol precipitated a light yellowish-orange
solid. Recrystallization from benzene-methanol produced a
micro-crystalline yellow solid, mp 126° (0-505 g,86%).
Reaction of IV with homogeneous catalysts
• Spectrograde benzene was used as the solvent
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for all these reactions. The catalysts were stored In a
nitrogen bag and all the solutions were prepared Inside the
bag. The solutions of the catalysts (10"~^molar) were prepared
by dissolving 11(0.00480 g) and 111(0.00519 g) in spectrograde benzene and diluting up to 100 ml with benzene. For
each experiment, 1.0 ml of the solution(of the catalyst)
was transfered into an NMR sample tube and the substrate(IV,
50 mg to 120 mg) was dissolved in the solution. The solution
was then allowed to react(catalyst in a single phase with
the reactant) under nitrogen and hydrogen at room temperature.
The NMR sample tube was removed periodically from the vacuum
line and the NMR spectrum of the reaction mixture was recorded.
Analyses
The infrared spectra of the compounds were recor
ded on a Perkin-Elmer model 700 infrared spectrophotometer.
The infrared spectra of most of the synthetic products were
recorded neat and the rest were dissolved in either carbon
tetrachloride or chloroform to record the spectra.
The nuclear magnetic resonance(NMR) spectra
were recorded on a Varian A-60 spectrometer.Deuterated chloroform(CDCl^) was used as the solvent with tetramethyl silane
as the external standard.
For gas chromatographic analyses, a Varian 90-P
Aerograph and a Sargent-Welch recorder were employed. The
instrument was operated with 12 ft 8% carbowax 20M at tempera
tures near the boiling points of the compounds.
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RESULTS
Attempt to synthesise tricyclopentane system
The results of the attempt to synthesise the
tricyclopentane system are outlined in Figure.11.

Vs'C. = C> C M
(v)

(XXIII)

cod 4-

C0CH£.l4;
'VV

(XXV)

(XXIV)

I

ru

^

COCHd
C S>% ((XXX)
Figure .1i Attempt To Synthesise The Tricyclopentane System

When an attempt was made to convert the acid
chloride(XXIV) to the corresponding diazoketone(XXX), a
different product(XXV) was- obtained as a result of addition
of diazomethane to a solution of the acid chloride in ether
Addition of the acid chloride to an excess of diazomethane
would have resulted in the formation of the desired diazoketone. The structure XXV was confirmed by interpretation
of the infrared and the NMR spectra of the sample. The NMR
spectrum of the compound exhibited three multiplet signals:
one corresponding to the aromatic protons(S= 7*0 ppm), a
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singlet for the cyclopropyl proton at £=2.7 ppm and another
singlet integrating to two protons(relative to one proton
for the singlet atS=2.7 ppm), at £=3-65 ppm. The conversion
of the diazoketone to the tricyclopentane sytem was the
most difficult step and the yield would never have been
greater than 1%. Hence, due to the inherent difficulties
involved in each step of the synthesis, the tricyclopentane
system with different substituents could not be synthesised
by this method.
Reaction conditions
It is inferred from this investigation that
optimum experimental conditions are vital for the successful
syntheses of cyclopropene derivatives. The reaction condi
tions had to be optimum because when they were too drastic
it resulted in polymerization and when the conditions were
too mild the reaction did not occur. The temperature of the
mixture of starting material and copper, to which diazoace
tate was added, was, by far, the most important experimental
parameter. Lower temperatures than the optimum did not bring
about any reaction, probably because diazoacetate does not
decompose at lower temperatures and the decomposition of
diazoacetate is essential for the reaction to occur. Tempe
ratures higher than the optimum resulted in polymerization
with inherent loss of the starting materials. This may have
been due to a sudden accumulation of carbene entities fol
lowing an induction period. The optimum temperature for each
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reaction had to be determined either by trial and error
or by imitating a close analogy from the literature.
The catalyst used for all the reactions was
commercial copper powder freshly washed and dried as men
tioned earlier. The amount of copper used was not important
but the rate of stirring seemed to be very critical because
it was observed that a poorly stirred reaction mixture did
not yield the product. This could be explained by assuming
that the copper which functioned as a catalyst offers a
large surface area for the decomposition of diazoacetate
and poor stirring would limit the surface area. Freshly pre
cipitated electrolytic copper has been reported to give
better results(64).
The amount of diazoacetate added was also found
to be of considerable importance. An excess of diazoacetate
resulted in polymerization with chances of an explosion. The
optimum ratio of diazoacetate to starting material was found
to be 0.2 mole per every mole of the starting material. The
mode of addition of diazoacetate was also of importance
since rapid addition of diazoacetate to a heated mixture
of the starting material and copper always resulted in poly
merization or explosion. The mode of addition was optimum
at 3 to 4 drops at a time over a period of three hours for
0.02 mole of diazoacetate.
In the reaction of phenyl acetylene(VI) with
diazoacetate at temperatures higher than 75°> a fine yellow
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powder always resulted. This yellow powder had copper in it
as evidenced by the flame test(the solid imparted a green
color to the flame when ignited). The yellow powder was pro
bably the copper salt of phenyl acetylene(XXXIV)(65). This
result was not very unusual and could be attributed to the
increased electronegativity of the carbon engaged in a
triple bond resulting in a higher acidity of the hydrogen attached(66) .
Synthetic Products
Ethyl diazoacetate was reacted with a series of
acetylenic compounds but it did not always result in cyclopropene derivatives. The results of the reaction with diazo
acetate followed by hydrolysis are represented in Table.5*
Prom Table.5 ait is evident that among all the acetylenic
compounds that were reacted with diazoacetate(and subsequently
hydrolyzed) only V and VII yielded cyclopropene derivatives.
The synthesis of 1,2-diphenyl cyclopropene-3-carboxylic
acid(XXIII) has been reported in the literature(57)• Surpri
singly no cyclopropene derivative resulted when methyl phenyl
propiolate(VIII) was treated in the same way. If both V and
VII could yield cyclopropene derivatives, it was quite con
ceivable that VIII would also give the cyclopropene. To
verify this hypothesis, VIII was reacted with diazoacetate
and many attempts were made to isolate the cyclopropenyl
ester directly. The results of these attempts are listed in
Table 6.
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Table 5 » Reactions of Some Acetylenic Compounds with Diazo
acetate.
Starting
material

Reaction
time(hours)

V

2.5

90

2

120

6

120

polymerization

3

25

no reaction

3

110

polymerizn.

2.5

95

2.5

40

no reaction

3

80

Inorganic salt

3

25

no reaction

3

85

inorganic salt

X

3

80

no reaction

XI

4

90

inorganic salt

3

70

no reaction

2.5

110

c 6h 5- c e c - c o 2h

VII

VI

IX

VIII

Reaction
temperature( C)

Result

— -.■>}— .

Table 6 . Reaction of VIII with Diazoacetate
Trial

Reaction
temperature( C)

Result

VIII + diazoacetate

125

polymerization.

VIII + diazoacetate;

110

decomposition of
the product.

VIII + diazoacetate;
distillation at 2 mm.

110

polymerization.

VIII + diazoacetate;
separation 'using column
chromatography.

110

yellow, viscous liq
uid; polymerization
after 20 hours at 25*

separation by GC.
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From Table 6, it Is clear that the product resul-.
ting from the addition of diazoacetate to VIII could not be
isolated by gas chromatography(GC) and reduced pressure dis
tillation. The infrared spectrum of the yellow oil resulting
after separation using column chromatography was at once
recorded and the NMR spectrum was recorded after three hours.
Apart from the other expected peaks in the infrared spectrum,
presence of characteristic peaks at 1850 cm

corresponding

to the double bond in cyclopropene(6l) and at 1035 cm-1
corresponding to the cyclopropene ring vibration(62) indica
ted that the product was in fact ethyl-l-phenyl-2-carbomethoxy
cyclopropene-3-carboxylate(XXXI). When the alumina column
was not washed with alkali prior to use, the oil that was
isolated did not have the same structure. This is probably
due to the presence of active centers in the column.The NMR
spectrum of the product, recorded three hours after isolation,
did not conform to the structure deduced from infrared
spectral evidence.

(XXXI)
Phenyl acetylene(VI) on reaction with diazoace
tate and separation by column chromatography yielded a red
dish brown liquid which decomposed after standing for 27 hours
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at room temperature. The infrared spectrum of the product
recorded immediately after isolation showed that the product
was ethyl-l-phenyl cyclopropene-3-carboxylate(XXXII). The
chemical shifts of the protons in the NMR spectrum conformed
to the structure indicated by the infrared spectrum but the
integrals did not. This result could be interpreted as due
to the starting materials being, present as impurities.

P ^ c o ^ W s (XXXII)

Dimethyl acetylene dicarboxylate(VII) also
yielded the cyclopropene derivative on similar treatment as
for VI. The product was extremely unstable(polymerization
in 15 hours) and again the infrared spectrum of the product
indicated that it was ethyl-1,2-dicarbomethoxy cyclopropene3-carboxylate(XXXIII) but the NMR spectrum was ambiguous.

Jt>“ CoicjHr
HsCO.C^
(XXXIII)
The products, the approximate periods of time
•required for their polymerization and the corresponding star
ting materials are listed in Table 7The cyclopropene derivatives that have not been
reported, i.e., XXXI, XXXII,and XXXIII were all viscous
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Table 7 . Approximate Polymerization Times For Some Cyclopro
pene Derivatives
Product

Starting material

“j o - " * *

CgH^-CHC-H

h3co2c- c= c- co2ch3
C^Hc-C=C-C0oCHo
6 5
2 3

Approximate time
for polymerization
27 hours
15 hours

^ ^ “K - C O ^ W s HjCO^

20 hours

yellow to red colored liquids polymerizing to dark brown
gels. Boiling points of the products could not be determined
for obvious reasons. The products were mild skin-irritants
and had a characteristic smell. They were not pure as indi
cated by their NMR spectra.
Spectral characteristics
The infrared spectra of the products offered
the most important evidence since the NMR spectra were very
poorly resolved and unreliable due to decomposition. Apart
from the peaks corresponding to carbonyl stretching, C-H
stretching, etc., the infrared spectra of XXVI, XXXI, XXXII
and XXXIII all have three peaks in common at 1860-1830 cm

,

1100 cm"1 and 1035-1020 cm"1 . The peaks at 1860-1830 cm"1
—1
and 1030 cm
have been attributed to cyclopropene derivat
ives (61,62). The bond in cyclopropenes between the carbon
atoms 1 and 2, i.e., the double bond, is intermediate in
properties between a triple bond and an olefinic double
bond, as discussed earlier. Hence the absorption appears between those of an acetylenic triple bond(2200 cm
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) and an

_1

olefinic double bond(l650 cm
at 1030 cm

—1

) in the infrared. The peak

has been attributed to cyclopropene ring vib

ration. No assignment has been made yet in the literature for
the peak at 1100 cm

. It is probably due to another mode of

cyclopropene ring vibration. The infrared absorptions of in
terest are listed in Table 8.

Table 8 . Infrared Absorptions Of Some Cyclopropene Derivatives*
Compound
H

C=C stretching

T5HF1)

Ring vibration

1820

COjH
3 v

?

1030

1100

i860

1035

1100

1840

1035

1100

1850

1035

1100

*the infrared spectra of all these compounds were recorded
neat, i.e., no solvent was necessary.
In all the cases the peak corresponding to car
bonyl stretching was broad and in the cases where the product
had more than one kind of ester function, the peak was split,
as expected.
The NMR spectra of the products were very poorly
resolved and the integrals could not be obtained in many cases
due to the instability of the instrument. However, the chem
ical shifts of the various protons were obtained in most of
the cases. The chemical shifts of the cyclopropyl proton was
of much interest and the values for some products are tabulated
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in Table 9.

Table 9 . Chemical Shifts(S)sOf The Cyclopropyl Proton For
Some Cyclopropene Derivatives
Compound

Chemical shift(&) in ppm
3-15
3-30

' % 3 > 4 a *

Cfcrtj"

®

3-10

C-^Hs
H
COjC^sHjCo£HjCOf-I K / ®
, J L > ^ c o zc H3

3-25
3-40

*with reference to TMS as an external standard.

The chemical shifts of the cyclopropyl proton
range from 3*1 to 3*4 ppm which is very interesting consider
ing that the normal saturated cyclopropyl proton shows up
at S=0.5-0.0 ppm. The chemical shift for the cyclopropyl
proton in XXIII has been reported as §=2.88 ppm(63). The
NMRspectra also indicated that the products were extremely
unstable. For example, in the case of the repeated purific
ation of the crude XXXI by column chromatography, the NMR
spectrum was recorded after every elution. The intensity
of the signal corresponding to the carbomethoxy protons
gradually decreased and- eventually disappeared after the
fifth purification indicating the instability of the sample.
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Rearrangement reactions
In the rearrangement reactions that were per
formed, the NMR spectra of the reaction mixtures were very
poorly resolved and since NMR was the only evidence, the
structures of the products could not be deduced with cer
tainty. When the reactions were performed under nitrogen,
the NMR spectra of the reaction mixtures did not indicate
the formation of any products. However, when the reactions
were performed under hydrogen, the NMR spectra had three
poorly resolved multiplets in the region of S=l.0-1.8 ppm.
The heights, of the peaks corresponding to the reactants did
not change considerably even after extended reaction-periods
and the chemical shifts of the reactant-protons remained the
same. The interpretation of these and the other results
shall be discussed below.
DISCUSSION
The strain in the cyclopropene ring is reflected
by the instability of the synthetic products and the depen
dence of the reaction on the experimental conditions. This
method of synthesising cyclopropene derivatives is not com
pletely reliable in that the yields and the purities of the
products are not entirely reproducible in many cases. The
successful syntheses of cyclopropene derivatives by this
method is governed to an appreciable extent by the ability
of the substituents to stabilize the ring system. Also the
dependence of the reaction on the experimental conditions
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is so important that even a slight variation in one of the
parameters affects the yield and the purity of the synthetic
product. Hence* this method is not of a general applicability.
Probably, the syntheses of cyclopropenes by ultraviolet
irradiation of a mixture of the acetylenic compound and diazoacetate is a better method than the syntheses by addition
of diazoacetate to the acetylene in presence of copper at
elevated temperatures. For ultraviolet irradiation, the source
of radiation must be quite powerful; otherwise there exists
an induction period at the end of which the reaction becomes
extremely vigorous, sometimes resulting in explosions. The
yields of the products by this method are reproducible within
a limit of ±1$, but the purities are not.
Throughout this investigation, freshly cleaned
and dried commercial copper powder was used as the catalyst.
The yields of 1,2-diphenyl cyclopropene-3-carboxylic acid(XXIII)
varied from 12 to 17$. Breslow, et-al, have reported the
synthesis of XXIII by the same method in a 23$ yield(57)>
using electrolytic copper powder as the catalyst. Since the
procedure is quite simple, based on the above observations,
it could immediately be hypothesised that the purity of the
copper powder plays an important role in the syntheses of
cyclopropenes by this method. Assuming that copper behaves
as a catalyst by offering a large surface area for the decom
position of diazoacetate, the higher the purity of the copper
the larger will be the surface area and consequently it is
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more favorable for the decomposition of diazoacetate and
hence better yields.
The results indicate a very interesting grada
tion in properties which is a direct consequence of the
nature of the substituents present on the double bond. The
1,2-diphenyl cyclopropene derivative is a solid at room tem
perature and is stable almost indefinitely. The other cyclo
propene derivatives that are reported in this thesis were
very unstable viscous liquids at room temperature. Cyclopro
pene itself is stable at liquid nitrogen temperature but is
very unstable at higher temperatures in the condensed phase(67).
The results indicate that phenyl substituents render the
cyclopropene stable through conjugation. From Table-9 it is
clear that absence of phenyl substituents and' presence of
carbomethoxy groups on the double bond render a higher in
stability to the cyclopropene derivative. In order to explain
these observations in a feasible manner, more reproducible
results are necessary. With the available data, it could be .
inferred that phenyl substituents on the double bond facili
tate the formation of cyclopropene derivatives by stabilizing
the product. Of all the acetylenic compounds studied in this
investigation, only those with phenyl or carbomethoxy substi
tuents or both yielded cyclopropenes; the others did not.
The cyclopropene derivative with two phenyl substituents on
the double bond(XXII) is the most stable compound, of the
compounds that were prepared. The negative results obtained
47

from this investigation are definitely reproducible at the
reported conditions since those reactions were repeated
three or four times. Negative results are as valuable as pos
itive results, although not as dramatic, for the synthetic
organic chemist. The gradation in the stability of the cyclo
propene derivatives is of interest and of considerable impor
tance, especially when the synthesis of a new cyclopropene
derivative has to be investigated.
The structures of the synthetic products were
all deduced based mostly on the infrared spectral evidence
and to a certain extent on the NMR spectral evidence. The
formation of a cyclopropene was first indicated by the pre
sence of a peak corresponding to the double bond in cyclo
propene in the infrared spectrum. Although that is strong
evidence for cyclopropenes, it is not conclusive because in
the cases wherein the cyclopropene derivative had phenyl
substituents on the double bond, sometimes the phenyl group
would also give overtones in the region of 2000-1700 cm

in

the infrared. The fact that the peak corresponding to the cyclo
propene double bond is of almost the same intensity for all
the cyclopropene derivatives makes it improbable that it
could be due to aromatic overtones. NMR spectra were not re
liable because the starting materials in many cases had
similar protons. However a combination of infrared and NMR
spectra was sufficient to verify the structures. The final
conclusive evidence, of course, lies in the mass spectral
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evidence and the elemental analyses which were not obtained.
The chemical shifts of the cyclopropyl proton reported in
Table 9 are not entirely accurate because of the instability
of the instrument at the time of recording the spectra.
The results of the rearrangement reactions did
not yield enough evidence to give an insight into the mecha
nism of the rearrangement of cyclopropenes. The expected
rearrangement products would have had cyclopropyl or alkyl
protons which would have given signals in the NMR in the
region of

8=

0.0-3.0 ppm. Any rearrangement would also have

shifted the. substrate-signals and lowered their heights.
When the reaction was performed under nitrogen, the NMR
spectrum of the reaction mixturedid not indicate the forma
tion of any products but when performed under hydrogen, the
NMR spectrum did indicate the presence of poorly resolved
multiplets in the region of 8=1.0-1.8 ppm. The fact that
the chemical shifts and the heights of the substrate-signals
had not changed appreciably indicated the reduction of the
cyclopropene double bond rather than the occurence of any
rearrangement. The products were mixtures of several isomers.
However, these results indicated that the homogeneous cata
lysts that were studied did not open the cyclopropene ring
but rather hydrogenated the double bond when the reactions
were performed under hydrogen. The magnitude of reduction
was not sufficient to predict the structures of the isomers.
In conclusion, the results of this investigation
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are helpful In the selection of optimum experimental condi
tions for the syntheses of new cyclopropene derivatives.
Cyclopropene chemistry Is still at a virgin-stage and the
novelty makes it a challenging field of research for the
synthetic organic chemist.
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